
DIOXIN-LIKE COMPOUNDS IN TRANSFORMER OIL 
AN EVALUATION OF THEIR POTENTIAL IMPACT ON 

SOIL CLEANUP STRATEGIES AT RFETS 

Ldce many mdustnal sites, at the Rocky Flats Environmental Technology Site (RFETS), polychlormated 
biphenyl (PCB) contammation of soil exists at elemcal transformer sites as a result of equipment leaks 
and the release of transformer oil Some of these sltes were remediated to achieve a Toxic Substances 
Control Act (TSCAFbased cleanup goal of 25 parts per million @pm) total concentration of all Aroclors 
Most of the sites were cleaned up to less than 10 ppm Recently, there has been much toxicological 
research pertammg to dioxms and other compounds with dioxm-llke properties Although Arwlors do not 
contam dioxms, they do contam a few PCBs with dioxm-ldce properties 

The purpose of this paper is to evaluate whether cleanup of PCB-contammated soil at a transformer site to 
less than 10 ppm Aroclor is sufficiently protective to render the site No Further Accelerated Action 
(NFAA) ln light of recent studies showmg that a few PCBs have dioxm-ldce properties Other transformer 
sites at WETS are still under mvestigation, and if necessary, the soil will be cleaned up to achieve the 
Rocky Flats Cleanup Agreement (RFCA) Wildlife Refuge Worker (WRW) soil Action Level (AL) for 
Aroclor of 12 4 ppm’ (DOE, CDPHE, EPA 2003) Therefore, this evaluation will also serve to evaluate the 
protectiveness of the WRW AL for future cleanups Lastly, this paper also addresses the weathemg of 
Aroclors m soil, which may alter the concentrations of the PCBs they contam, and thus alter the apparent 
toxicity of the contammated soil 

Polychlorinated Biphenyls 

A PCB is an organic compound consistmg of a biphenyl (two 6-carbon benzene m g s  Inked by a smgle 
carbon-carbon-bond) with anywhere from one to 10 chlorme atoms attached to the carbons of the benzene 
rmgs (2 of the twelve carbons on the benzene M ~ S  are unavadable for chlome substitution (hydrogen 
replacement) because they form the smgle carbon-carbon bond connectmg the mgs)  There are 209 
combmations of the number of chlorlne atoms and thelr positions on the benzene m g s  Each of these 
combmations is a unique compound known as PCB congener Each congener has a unique number (from 1 
to 209) known as a Ballschmiter and Zell (BZ) Number The numbemg starts with the mono-chlomated 
PCB congeners and ends with the deca-chlomated PCB congener A summary of the congeners is shown 
ln Table 1 

Commercially produced PCBs were matures of these congeners Monsanto Corporation marketed mixtures 
of PCBs as Aroclors The Aroclor is identified with a 4 digit code, the first two digits refemng to the type 
of mature, and the last two digits referrmg to the approxunate chlorme content by weight percent (The 
exception to this code is for Aroclor 1016 which has a 41% chlome content) As can be seen from Table 
2, for the Aroclor 12- series, the greater the chlorine content, the greater the fraction of higher chlomated 
congeners (higher BZ Numbers) The weight percentage of each of the 209 congeners ~fl the PCB mixtures 
are shown m Table 3 (EPA 2003a) 

Dioxins and Dioxin-Like Compounds 

Dioxms are present m the environment prunarily because they are products of the combustion of chlorme- 
contaming organic material They are also formed as byproducts m the bleachmg of paper pulp and in the 
manufacturmg of certam chemcals, e g , herbicides and pesticides Dioxms are a class of compounds that 
are of potential human health concern because they may pose an increased risk of cancer at extremely low 
levels of exposure The most toxic member of the class is 2,3,7,8-tetrachlorodibenzo-para-dioxin (TCDD) 
Several other polychlorinated dibenzodioxms (PCDDs) as well as some polychlormated dibenzofurans 
(PCDFs) and PCBs also display TCDD-like toxicity due to their structural similarity to TCDD There are 

’ Monsanto Corporation marketed transformer oil containmg PCBs by the trade name “Ar0cl0r” ’ The WRW AL of 12 4 ppm is for Aroclors 1221, 1232, 1242, 1248, 1254, and 1260 Aroclor 1016 has an 
AL of 46 4 ppm 



29 TCDD-llke compounds (out of a total of 4 19 different polychlomated dioxms, fiuans and biphenyls) 
that are particularly toxic Twelve of these TCDPldce compounds are PCB congeners 

Risk Evaluation of Dioxins and Dioxin-Like Compounds 

PCBs are probable human carcinogens, and the WRW AL is based on the cancer slope factor determmed 
for Aroclors as published m the Integrated Wsk Information System (IRIS) In pmciple, the development 
of an AL based on the cancer slope factor for the Aroclor should capture the carctnogenicity of the TCDD- 
llke PCB congeners present m the Aroclor This can be validated by applymg the approach developed by 
the Envmnmental Protection Agency (EPA) S u p e h d  Program that exammes the concentration and 
toxicity of dioxms, furans, and PCB congeners 

Screenmg level evaluations of TCDD-llke compounds m soil are performed by calculatmg the 
concentration of TCDD Equivalents (TEQ) ~fl the soil, which is the Toxicity Equivalency Factor (TEF) 
weighted sum of the 29 TCDD-llke compound concentrations @PA 1998) The TEF is the fractional 
toxicity of the TCDD-lke compound to that of TCDD, e g , a TEF of 0 1 mdicates the compound is one- 
tenth as toxic as TCDD TEQ is calcuated as 

TEQ (total) = X (C, x TEFJ 

where C, is the concentration of the ith TCDD-lke compound m the soil tn parts per tnllion (ppt) 

The USEPA Superfhnd Program establishes a TEQ of 1000 ppt as a level that is not of a cancer or non- 
cancer concern for lifetune exposure of residents A value of 5,000 - 20,000 ppt is the screenmg value used 
for mdustnal or commercial land uses (EPA 1998) 

As mentioned, 12 of the PCB congeners have TCDD-like toxic properties They are as listed m Table 4 
with theu associated TEFs (EPA 2003b) 

Given the weight fractions shown m Table 3 for these congeners tn the various Aroclor matures, the TEQ 
associated with an Aroclor concentration m the soil can be computed For illustration purposes, an Aroclor 
concentration of 10 ppm was chosen to compute the TEQs of the vanous Aroclor matures because the 
transformer sites that have been cleaned up were remediated to concentrations less than 10 ppm Also, the 
sites that are yet to be cleaned up, will be remediated to achieve the WRW AL of 12 4 ppm (a slmilar 
level) 

As shown in Table 5, the maxlmum TEQ for soil with a 10 ppm Aroclor concentration is 512 parts per 
ttlllion (for Aroclor 1254a) This is approxlmately one-half the level that is of concern to EPA for a 
residential land use Because there would be significantly less human exposure to soil at a wildlife refuge 
compared to a residential settmg, the calculated TEQ demonstrates that the TCDD-llke toxicity of the 
congeners in a PCB mixture is not an mportant consideration m cleanup of the PCB contammated sites at 
WETS 

Weathering and Chemical Analysis 

Once introduced into the environment, PCBs undergo weathering, which alters the distribution of the 
congeners present 111 the Aroclor that was released The weathemg action is one of dissolution m water, 
volatilization, adsorption on to soil or sediment, photolytic or biologically-mediated dechlonnation, and 
biodegradation The weathermg can affect the identification of Aroclors during chemical analysis, and may 
also alter the apparent toxicity of the Aroclors 

Weathering 

As mentioned, once introduced into the environment, weathemg can alter the relative proportions of 
congeners present in the original Aroclor The degree of weathemg will be dependent on the local 
conditions For example, at the Hudson River Superfund Site, one of the more PCB-contammated sites in 
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the country, dissolution m water, volatilmbon, adsorption on to mer  sedunent, photolytic or biologically- 
mediated dechlomation, biodegradation, and even bioaccumulation m the food cham may all be significant 
factors altemg the congener composition of the ongmal Aroclors that were released This is due to the 
complexities of the aquatic envuonment where the PCBs were released, e g , saturated sedunents, constant 
exchange of mterstitial sedlment water, aerobic and anaerobic conditions m the sednnents, sedment 
erosion, light penetration through the water column, and the presence of a complex food cham As 
discussed below, m the semi-and shallow soil at WETS, such weathemg processes would not be expected 
to be significant 

PCBs are relatively non-soluble and non-volatile Because the soil at the transformer sites is dry most of 
the tune, dissolution would not be a significant process In general, the higher the degree of chlomation, 
the less volatile the PCB congener At WETS, the Aroclors with more highly chlomated congeners were 
largely used, e g , Aroclors 1254 and 1260 Therefore, volatilization is not llkely to be sigmficant 

In general, the more highly chlomated congeners are the most susceptible to photolysis The products of 
photolysis are less chlomated congeners, some of which are the congeners with TCDD-llke properties 
For example, photolysis of Aroclor 1254 resulted 111 significant dechlomation of PCB congerers 1 14, 156, 
and 157, with the formation of the PCB congeners 77 and 126 which were not detected in the ongmal 
unmdiated mixture (EPA 2000) The PCB congeners 1 14, 156, and 157 represent less than 2-3 percent by 
weight of Aroclor 1254 (see Table l), and the PCB congners 77 and 126 m the madiated Aroclor 1254 
sample were only 2 5% and 0 43% by weight Therefore, the resultmg d i a t e d  mlxture would still be 
“fmgerprmted” as Aroclor 1254 However, the presence of congener 126 now renders the mdiated 
Aroclor 1254 murture more toxic (congenex 126 has a TEF = 0 1) For the transformer sites at WETS, 
photolysis is not a significant mechanisms that would alter the PCB congeners present m the shallow soils 
Photolysis, if occumng, would only be active at the very surface of the soil and not affect non-irradiated 
underlymg PCB contammated soil where the greater mass of the contammation lies 

Biological dechlormation of PCB congeners has been demonstrated under anaerobic conditions @PA 
2000) This biologically-mediated dechlomation was observed pnmanly for PCB congeners with 4 or less 
chlorvle atoms There are no PCB congeners with dioxm-lke properties with less than 4 chlorme atoms 
Consequently, this dechlomation process is not capable of mcreasmg the toxicity of soil contammated with 
PCBs at any site For the transformer sites at WETS, biologically-mediated dechlomation is not even 
llkely to occur because the near surface soils should be largely under aerobic conditions 

As mentioned, aerobic and anaerobic biodegradation of PCBs has been demonstrated (EPA 2000) 
However, unldce dechlomation, this type of degradation results m cleavage of the biphenyl mgs, thus 
destroymg the PCB If active m soil at the PCB sites, this will result m a decrease m PCB concentrations 
over tune 

It is concluded that, although photolysis may produce PCB congeners with dioxm llke properties that are 
either not present m the origmal PCB mixture or are now at a higher concentration, the mechanism IS not 
significant for soil at the PCB sites Biologically-mediated dechlomation would not llkely be occurrmg m 
the shallow soils which are largely under aerobic conditions, and if it were occurrmg, it would not mcrease 
the toxicity of the PCB contammated soil Aerobic biodegradation of the PCB congeners may be 
occumg, which would serve to reduce the concentrations of the PCB congeners over time 

Chemical Analysis 

SW-846 Method 8082 is used for PCB analysis at WETS It is a gas chromatographic method were the 
PCB mixture (Aroclor) is identified by comparmg the chromatogram of the sample to various Aroclor 
standard chromatograms, and determinmg the best visual fit The heights of the 3 -5 major peaks in the 
standard chromatogram are compared to those m the sample to determme the concentration 

Method 8082 mentions the effect of weathenng on PCB analysis, i e , that weathermg can alter the relative 
proportions of congeners present in the sample to the extent that the chromatogram pattern for the sample is 
not clearly recognizable as one of the original Aroclors When sampling and analysis is conducted for 
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regulatory compliance on the basis of Aroclor concentrations, the Aroclor is identified as the one with a 
chromatogram most slmilar to that o f  the sample This methodology is appropnate for WETS because the 
transformer sites that have been cleaned up were remediated to achieve a TSCA-based standard for 
Aroclors Also, for transformer sites that may requve cleanup m the future, the remediation goal will be 
the WRW AL, which was computed for the Aroclor mlxtures 

If quanbtation o f  specific congeners is requved, standards for the congeners o f  mterest are requved to 
evaluate the chromatograms The more congeners to be quantified, the more costly the analysis However, 
as discussed m this paper, charactenzation o f  transformer sites at WETS usmg a congener-specific method 
is not requved because the congener distributions are not expected to be significantly different from those 
m the origmal Aroclors 

Presence of Dixoins and Furans in PCB Mixtures 

Furans are produced d m g  the combustion of PCBs, however, they are also present m the PCB mlxtures as 
a byproduct of commercial production (ATSDR 2000) Dioxms are not present m PCB mlxtures 

Although furans are present m PCB mixtures, they are at very low concentrations that do not pose adverse 
health effects when FCB contammated soils are cleaned up to meet regulatory llmits Table 6 shows the 
concentrations o f  furans tn the PCB mlxtures (Aroclors) As can be seen, tetra-, penta-, and hexa- 
chlormated dibemfurans are present m vanous concentrations 111 the PCB mlxtures The highest 
concentration o f  the summed chlomated dibenzofhns is 5 6 ppm, or 0 00056% A site cleaned up to 10 
ppm PCBs would have a maxlmum concentration o f  chlormated d i b e n z o h s  o f  000056 ppm, or 56 ppt 
Conservatively applymg the TEF for the most toxic chlomated dibenzofuran (0 5 for 2,3,4,7,8-PeCDF) to 
this concentration provides a TEQ o f  28 ppt, an msignificant concentration relative to EPA's 1,000 ppt 
screentng value 

Conclusions 

The evaluation presented m this paper demonstrates that the past cleanup of  the transformer sites at WETS 
to achieve Aroclor levels less than 10 ppm, and the future cleanup of transformer sites to achieve the WRW 
AL of  12 4 ppm adequately protects human health Although TCDD-llke compounds are present in the 
Aroclors release to soil, the evaluation demonstrates that 

1 
2 

3 

The health nsk posed by the TCDD-llke compounds is not a concern at these cleanup levels, 
Weathemg o f  the Aroclors released to the soil is unldcely to significantly alter the congener 
distnbution or the toxicity o f  the Aroclors, and 
Congener-specific PCB analysis o f  soil samples, or analysis for dioxins and furans, is not requlred for 
characteriztng transformer sites at WETS 
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Table 1 PCB Congeners 

1 
2 
3 

3 1-3 
12 4-15 
24 16-39 

4 I 42 I 40-81 
5 I 46 I 82-127 
6 
7 
8 

42 128-1 69 
24 170-1 93 
12 194-205 

9 
10 
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1 209 
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Table 2 Approximate Weight Percent of Congeners in some Aroclors 
BZ #s Aroclor 1016 Aroclor 1221 Aroclor 1232 Aroclor 1242 Aroclor 1248 
1-3 0 70 60 06 27 55 0 75 0 07 
4-15 17 53 33 38 26 83 15 04 1 55 
16-39 54 67 4 22 25 64 44 91 21 27 
40-81 22 07 115 10 58 20 16 32 77 
82-127 5 07 1 23 9 39 18 85 42 92 
128- 169 0 0 0 21 0 31 1 64 
170-193 0 0 0 03 0 0 02 
194-205 0 0 0 0 0 
206-208 0 0 0 0 0 

1 
ArocIor1254' Aroclor 1254b Aroclor 1260 Aroclor 1262 Aroclor 1268 1 

1-3 0 02 0 0 02 0 02 No data 
4-15 0 09 0 24 0 08 0 27 No data 
16-39 0 39 1 26 0 21 0 98 No data 
40-8 1 4 86 10 25 0 35 0 49 No data 
82-127 71 44 59 12 8 74 3 35 No data 
128- 169 21 97 26 76 43 35 26 43 No data 
170- 193 136 2 66 38 54 48 48 No data 
194-205 0 0 04 8 27 19 69 No data 
206-208 004 0 04 0 70 1 65 No data 
Source ATSDR 2000 

Lot A4 Aroclor 1254 (Monsanto Lot KI-02-6024) from abnormal late production (1974-1977) 
Lot G4 Aroclor 1254 (GEh 18-peak analytical standard) 
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Table 3 Weight Percent of Congeners in Various PCB Mixtures 

10 
1 1  

12 

13 

14 

0 23 0 2  

0 07 0 06 

0 24 0 22 0 02 

36 

37 
38 

I I I 1 1 t 39 I I I 1 1 1 1 1 
1 02 2 03 0 79 0 95 0 01 0 07 0 01 

40 

41 

42 

43 
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0 58 0 76 113 0 92 0 15 0 12 

0 76 0 68 0 77 0 75 0 02 0 01 
159 119 161 179 0 09 0 15 0 01 

0 28 0 18 0 3  0 19 



I I I I I I I 
78 I I I 

I I I I I I I 

79 I I I I 
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103 

104 

105 

106 
107 

0 02 0 01 0 03 

trace 0 47 1 6  1 45 7 37 299 0 22 

0 06 0 18 0 13 0 78 0 37 0 01 

I08 I I I 1 1 
110 

1 1 1  

I I I I 

0 83 2 97 2 55 8 42 929 1 33 

1 I I I I 1 1 1 

112 

113 
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004 011 I 0 11 0 37 0 2  
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141 

142 

143 I I 
I I I 1 

I 
0 14 0 15 

0 01 0 07 009 0 69 0 98 2 62 

I , 
160 

161 I I I I I I 

q 
9 39 

I I I I I I I I 162 I I 1 I I I I 1 

~~~ ~~ 

169 ~ ~ 1- I I 
I70 035 I 052 [ 4 11 I I I 
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Table 4 TEFs for PCB Congeners 

77 
81 
105 
114 

0 0001 
0 0001 
0 0001 
0 0005 
0 0001 
0 0001 

126 

157 
167 
169 

- 

1156 I 00005 1 
0 0005 
0 00001 
0 01 

1189 I00001 1 
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Table 6 Concentrations of Chlorinated Dibenzofurans (CDFs) in Commercial Polychlorinated 
Biphenyl Mixtures' 
PCB Tetra-CDF Penta-CDF Hexa-CDF Total (PCDFS)~ 
Aroclor 10 16 ( 1977) ND ND ND -- 
Aroclor 10 1 6 ) ND ND ND __  
Aroclor 1242 007 003 0 003 0 15 
Aroclor 1242 007 003 0 003 0 15 
Aroclor 1242 2 3  2 2  ND 4 5  
Aroclor 1254 (1969) 0 1  0 2  14  17  
Aroclor 1254 (1970) 0 2  0 4  0 9  1 5  
Aroclor 1254 002 0 2  0 4 - 0 6  0 8  
Aroclor 1254 0 1  3 6  1 9  5 6  
Aroclor 1260 (1969) 0 1  3 6  1 9  5 6  
Aroclor 1260 (Lot AK3) 0 2  0 3  0 3  0 8  
Aroclor 1260 0 3  1 0  1 1  3 8b 
Aroclor 1260 0 8  0 9  0 5  2 2  

Source ATSDR 2000 
a m PPm 

Total mcludes quantities of tri- CDF and hepta-CDF isomers that were analyzed 
CDF = chlorodibenzofkin, 
PCDFs = polychlomated dibenzofurans 
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